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Several aspects about A-hypernuclei in the relativistic mean field theory, in- 
eluding the efTective A-nucleon coupling strengths based on the successful effec- 
tive nucleon-nucleon interaction PKl, hypernuclear magnetic moment and A- 
, hypernuclei, have been presented. The eflFect of tensor coupling in A-hypernuclei 

■ and the impurity effect of A to nuclear structure have been discussed in detail. 
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' 1. Introduction 

H , 

^ Since the first discovery of A-hypernuclei by observing cosmic-rays in 

emulsion chambers,^ lots of efforts have been devoted to study hypernu- 
clei. Using a variety of hypernucleus production reactions and coincidence 
measurement techniques, data on the single-A^"^^ and double-A hypernu- 
clei^"^"^'' have been accumulated. With the additional degree of freedom of 
strangeness, hyperons can penetrate into dense nuclear matter inaccessible 
to proton and neutron. In astrophysics, hyperons also play a significant 
role in the formation and thermal structure evolution of neutron stars. ^^'"'^^ 
Prospect for production of neutron halo hypernuclei has been made via 
{K^ , TT^) reaction, ^'^ which may be helpful to form neutron halo. 

On the theoretical side, non-relativistic few-body model and shell model 



May 4, 2011 0:52 



WSPC - Proceedings Trim Size: 9in x 6in Hypernuclei'in'RMF 



2 

as well as the Skyrme-Hartrce-Fock theory have been successfully used to 
describe single-A and double-A hypernuclei.^^"^"^ Moreover, the relativistic 
mean field (RMF) theory, which was one of the most successful approaches 
for ordinary nuclei, ^^"^^ has also been applied to describe the structure of 
nuclei with singlc-A or multi-A and other strange baryons systems. 
Particularly, with the relativistic continuum Hartree-Bogoliubov (RCHB) 
theory, which has been successfully used to describe the giant halos in 
exotic Zr and Ca isotopes, ^^'^^ the hyperon halo in Carbon hypernuclei 
and neutron halo in Calcium hypernuclei have been predicted. "^^'^^ 

Motivated by the accumulated data of A binding energy and spin-orbit 
splitting, recently the effective A-nucleon coupling strengths based on the 
successful effective nucleon-nucleon interaction PKl have been proposed 
with microscopic correction for the center-of-mass motion. Here the new ef- 
fective A-nucleon coupling strengths and calculated results for hypernuclear 
magnetic moment and spin symmetry in single A spectra will be presented 
and the effect of tensor coupling in A-hypernuclei as well as the impurity 
effect of A will be discussed in detail. 



2. Brief introduction of the RMF theory for hypernuclei 

The starting point of the RMF theory is a standard Lagrangian density 

£, in which nucleons are described as Dirac particles that interact via the 
exchange of scalar a, vector w, and isovector- vector p mesons as well as 
photon. For hypernuclei system, the Lagrangian density C can be written 
into two parts, 

£ = £o+>Cr, (1) 

where Co is the standard Lagrangian density.^'' The Lagrangian density Cy 
for hyperon Y (A or A) is given by, 

- f YY - 
jCy = tpY (h'^d^ - my - QaYCF - QuiYl^OJf,) Ipy + ^ tpYa^"'Sl^^lljY{2) 

4mA 

where my is the mass of hyperon, and g^ry, g^y are the coupling strengthes 
of hyperon and mesons. The last term in (2) is due to the tensor coupling 
between hyperon and w field, where the field tensor for the w-meson is 
defined as $7^^ = d^^uJi, — di^uj^. 

Restricted to mean field and no-sea approximation, following the stan- 
dard procedure, one can obtain the equations of motion for baryons (B) 
(nuclcon (N) and hyperon (Y)) and mesons respectively, i.e., the Dirac and 
Klein-Gordon equations. 
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The Dirac equation for the hyperon is, 



a-p+{mY + SY)+ 7^V# - {^(T^.d^^u" 



i^Yiir) = CiipYiir), (3) 



with the vector potential Vy = Quyi^'^ and scalar potential 5a = Qavf^- For 
the uj meson, the corresponding Klein-Gordon equation reads, 

(_V2 + ml)^, = 9^b3^ - c^^.^""^, - ^-^f.^^ (4) 

where the baryon current and tensor current j J'^ have been respectively 
defined as, 

3^ = Y^Ba^i>Bi, (5) 

i 

jV = Y.^"{^Yia^.i>Yi). (6) 

i 

More details can be found in Ref.^^ 



3. New hyperon-nucleon parametrization 

The RMF theory has made great success in the description of ordinary nu- 
clei with an universal effective nucleon-nucleon interaction^^"^^ determined 
by fitting the nuclear observables such as binding energy, charge radii, etc. 
As PKl is one of the most successful effective nucleon-nucleon interaction, 
it is natural to extend PKl for the description of hypernuclei. 

For A-nucleon effective interaction, there are four additional parameters 
'TiA, 9 a A, QujA and /^aa- The mass of A is usually fixed to the experimen- 
tal value Ma = 1115.6 MeV. As suggested in Ref.,"'^ the tensor co-A is 
adopted as RuAA = /wAa/swA = 1- The other two parameters are usually 
determined by fitting the single- A binding energy and /or the spin-orbit 
splitting. 

In Ref.,''^ a new effective hyperon-nucleon interaction Yl, based on the 
effective nucleon-nucleon interaction PKl, has been developed and labeled 

as PKl-Yl by fitting the single-A binding energies of hypernuclei ^^^^''C, 
]^0, fSi, fS, fCa, ^ly, fY, ]^^La and f^Ph as well as the spin-orbit 
splittings in ^Be and j^C. The ratio of the meson-A coupling strengthes 
to meson-nucleon ones, i.e., = QaA/gaN and = QuA/guN, thus 
obtained are R^r = 0.580 and R^j = 0.620. The parameters of effective 
A-nucleon interactions PKl-Yl is shown in Table 1 in comparison with 
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TMl-B 45 NLSH-A, and NLSH-B.^s The root-mean-squared (rms) devia- 
tion A and the relative ones x for single-A binding energies and the A 
spin-orbit splitting of p state in ^Be and \'^C are also presented, where 




A ^ Eti(Or- - Or° Y and X 



Table 1. The parameters of effective A-nucleon interactions 
PKl-Yl, TMl-B, NLSH-A, and NLSH-B as well as the correspond- 
ing root-mean-squared (rms) deviation A and the relative ones x for 
single-A binding energies of candidate hypernuclei (A;,, Xb) and the 
A spin-orbit splitting of p state in ^Be and ^'^C (Ap, Xp)- 



Sets 


PKl-Yl 


TMl-B 


NLSH-A 


NLSH-B 




0.580,0.620 


0.468,0.485 


0.621,0.667 


0.490,0.512 




1.0 


1.21 


1.0 


0.616 


At 


0.851 


1.229 


1.200 


0.906 


Xi,(10-2) 


5.419 


6.164 


7.539 


5.470 


Ap 


0.058 


0.103 


0.100 


0.257 


Xp 


0.391 


0.915 


0.682 


1.698 
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Fig. 1. Single-A binding energies (upper panel) and spin-orbit splitting sizes (lower 
panel) for A states in RMF calculations with newly- adjusted PKl-Yl effective interac- 
tion. For comparison, the experimental data^^^^ are given as well. 

Figure 1 shows the single-A binding energies and spin-orbit splitting 
sizes for A states with different orbital angular momentum obtained from 
RMF calculations with PKl-Yl effective interaction. In the upper panel, 
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good agreement for singlc-A binding energies has been aehieved by the 
theoretical calculations. For the A spin-orbit splitting, different from that 
for nucleon, the magnitude of around several hundreds keV has been found 
in the calculation. The splitting in medium-mass region are relatively larger 
than those in light- and heavy- mass regions. 

4. Magnetic moments of A-hypernuclei 

With fast development of experimental techniques, the interest in hyper- 
nuclear magnetic moments is evoked. The effects of core polarization and 
tensor coupling on the magnetic moments in ^^C, ]\0, and ^^Ca hypernu- 
clei are studied in the Dirac equation with scalar, vector and tensor poten- 
tials.^^ It is shown that the inclusion of a A tensor coupling will modify the 
current vertex and suppress the effect of core polarization on the magnetic 
moments. However, as the hyperon wave functions are not sensitive to the 
A tensor potential, the magnetic moments with or without A tensor poten- 
tial are almost the same. The deviations of magnetic moments for A in p 
states from the Schmidt values are found to increase with the nuclear mass 
number. 

However, this study is based on the perturbation theory for the sym- 
metric nuclear matter. A self-consistent calculation in finite hypcrnuclci 
is required, in which both the nucleons and hyperon are treated on the 
same footing. A self-consistent time-odd triaxial RMF approach^° include 
the hyperon and the tensor coupling is developed and applied to study 
the magnetic moments in hypernuclei.^^ The magnetic moments of ^^~j^0 
by time-odd triaxial RMF approach with PKl and PKl-Yl are shown in 
Table 2. It is found that the core polarization effect of valence A is very 
important although it is smaller than that of the valence neutron. Further- 
more, the core polarized Dirac magnetic moment might be reduced by the 
tensor coupling of the valence A. 

5. Nucleus with anti-Lambda 

In Ref.,^^ the anti- nucleon spectrum has been studied for ordinary nuclei 
with the RMF theory and the spin symmetry is found for the single anti- 
nucleon spectra, i.e., the spin partner states are nearly degenerate and the 
dominant components of the wave functions are almost the same. It is 
therefore worthwhile to examine the spin symmetry in single A spectra. 

By taking "'^^O system as the representative case, the single A spectra and 
the A wave functions were studied in Ref.^'^ In the Dirac equation of A, the 
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Table 2. The magnetic moments of oxygen hypernuclei in 
units of nucleon magneton (n.m.), by time-odd triaxial RMF 

approach with PKl and PKl-Yl. The total magnetic mo- 
ment ^ttot. is given by the sum of fiu, the anomalous mag- 
netic moment of the nuclear core /i"^'^ and hyperon mag- 
netic moment /i^. While the Schmidt magnetic moment is 
represented by AtSch.- 



Sys. 


IJ.D 


n-Hp 




Mtot. 


MSch. 


15 O + free A 
rO{Yl) 


-0.113 
-0.132 


0.677 
0.681 


-0.613 
-0.610 


-0.049 
-0.060 


0.025 
0.025 


16 O -1- free A 
i^O(Yl) 


0. 
-0.005 


0. 
0. 


-0.613 
-0.610 


-0.613 
-0.614 


-0.613 
-0.613 


i^'O -1- free A 
180(Y1) 


-0.134 
-0.146 


-1.863 
-1.862 


-0.613 
-0.610 


-2.610 
-2.618 


-2.526 
-2.526 



scalar and vector potentials of A are written respectively as Sx{r) = g^xo 
and VjSt) = g^x'^o- The charge conjugation leaves the scalar potential 
invariant, Sx{r) = Sxir), and changes the sign of the vector potential, 
VAir) = -VA(r). 

In Figure 2 are shown the spin-orbit splittings eA{nli-i/2) — eA{nli+i/2) 
of anti-Lambda and anti-neutron as functions of the average energy for spin 
partners in -'^^O. The values of splitting for anti-Lambda (0.1 ^ 0.8 McV) 
are smaller than those of anti-neutron (0.2 ~ 1.9 MeV), which implies that 
the spin symmetry in anti-Lambda spectra is even better conserved than 
that in anti-neutron spectra. It is also found that the; dominant components 
of A Dirac spinors are almost identical for spin partner states. 

The self-consistent effects caused by the A had not been taken into ac- 
count in the above calculations. For a real A-^^0 system, the self-consistent 
mean fields including the scalar and vector ones will be modified by the A. 
Further investigation on this issue is in progress. 

6. Summary 

Several aspects about hypernuclei investigated with the relativistic mean 
field theory, including the effective A-nucleon coupling strengths based on 
the effective nucleon- nucleon interaction PKl, hypernuclear magnetic mo- 
ment and spin symmetry in A-hypernuclei have been presented. With the 
newly-adjusted PKl-Yl effective interaction, the single-A binding energies 
of hypernuclei from light to heavy mass regions have been well reproduced. 
The effects of tensor coupling and core polarization from valence A in A- 
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Fig. 2. Spin-orbit splitting ^A{i^h-i/2)~^A{n'h+i/2) iii the spectra of anti-Lambda and 
anti-neutron in ^^O versus the average energy of a pair of spin doublets. The vertical 
dashed line shows the continuum limit. 



hypernuclei have been found to be of importance in the description of hy- 
pernuclear magnetic moments. The spin symmetry in A spectra have been 
found to be even better developed than that in anti-neutron spectra. The 
investigation for spin symmetry in single-A spectra in A-hypernuclei is in 
progress. 
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